Andreev reflection spectroscopy of ferromagnet/superconductor (F/S) junctions is an important probe of spin polarization. We theoretically investigate spin-polarized transport in F/S junctions in the presence of Rashba and Dresselhaus interfacial spin-orbit fields and show that Andreev reflection can be controlled by changing the magnetization orientation. We predict a giant in-and out-of-plane magnetoanisotropy of the junction conductance. If the ferromagnet is highly spin polarized-in the half-metal limit-the magnetoanisotropic Andreev reflection depends universally on the spin-orbit fields only. Our results show that Andreev reflection spectroscopy can be used for sensitive probing of interfacial spin-orbit fields in F/S junction.
Spin-orbit coupling (SOC) is a key interaction in spintronics [1] [2] [3] , allowing an electrical control of magnetization and, vice versa, a magnetic control of electrical current. In systems lacking space inversion symmetrybe it bulk, hybrid structures, junctions-spin-orbit coupling induces spin-orbit fields [1, 2] as an emergent phenomenon. We are in particular concerned here with interfacial spin-orbit fields which are believed to be behind a wealth of new phenomena, not existent or fragile in the bulk, such as the tunneling anisotropic magnetoresistance (TAMR) [4] [5] [6] [7] , interfacial spin-orbit torques [8] , or skyrmions [9] .
Interfacial spin-orbit fields are also important in semiconductor/superconductor [10] [11] [12] [13] and F/S junctions [14] for creating Majorana quasiparticle states. It is the latter junctions that we focus on. We investigate the interplay of magnetism and spin-orbit fields. We show that this interplay leads to marked anisotropies in the junction conductance with respect to the orientation of magnetization. The most robust is the out-of-plane anisotropy (plane being the interface), which arises from the omnipresent Rashba field [15] . A more subtle is the inplane anisotropy, which arises from the interference between the Rashba and Dresselhaus [16] fields, induced by a two-fold anisotropy of the C 2v type. A zinc-blend semiconductor (say, GaAs or InAs) as a barrier in an F/S junction would create such an anisotropy, generating spin-orbit fields C 2v "butterflies" patterns, as shown by first-principles calculations [17] . Remarkably, the resulting magnetoconductance anisotropy-we term it magnetoanisotropic Andreev reflection (MAAR)-is giant in comparison to TAMR, its normal-state counterpart, reaching a universal behavior in the half-metallic case. This is because Andreev reflection (which has no counterpart in the normal-state TAMR) is strongly influenced by interfacial spin-orbit fields.
We specifically examine the influence of SOC and crystalline anisotropy on the process of Andreev reflection (AR) in which the reflected particle carries the information about both the phase of the incident particle and the macroscopic phase of the superconductor to which a Cooper pair is being transferred [18] . AR is thus responsible for the proximity effect in which the phase correlations are introduced to a nonsuperconducting material [19] [20] [21] [22] [23] . While the main interest in AR is currently the proximity effect coupled with SOC, inducing Majorana states, in spintronics AR is used to probe the spin polarization in F/S junctions [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . We argue that AR can also be a sensitive probe of interfacial spin-orbit fields. and possible scattering channels are illustrated in Fig. 1 . For example, in conventional AR the incoming electron is reflected as a hole with the opposite spin, while spinflip AR implies equal spin of the incoming and reflected particles. These two AR processes, see Figs. 1(b) and (f), introduce, respectively spin-singlet and spin-triplet superconducting correlations at the interface [22, 23] .
We generalize the BTK formalism [35] and solve the Bogoliubov-de Gennes equation [36] for quasiparticle states Ψ(r) with energy E,
with the single-particle Hamiltonian for electronsĤ e = −( 
with the spinors for the electron-like χ
where σ = 1(−1) corresponds to the spin parallel (antiparallel) tom. The electron-like (hole-like) quasiparticle wave vectors in the F region are k
In the S region the scattering states are
where the quasiparticle wave vectors are given by
Using charge current conservation, the differential conductance at zero temperature, normalized by the Sharvin conductance [ 
containing the probability amplitudes in the F region To describe our results we introduce dimensionless quantities:
√ m F m S / 2 quantify the Rashba and Dresselhaus SOC, and P = (∆ xc /2) /µ F defines the spin polarization in F.
We first examine the influence of SOC on the F/S conductance (see Fig. 2 ), for a metallic point contact (Z = 0) and for a moderate barrier (Z = 1). For the former case the conductance tends to decrease with increasing SOC. Even in the half-metallic case (P = 1) SOC does not give a finite subgap conductance; spin-flip AR is suppressed. In contrast, for moderate barrier (Z = 1), SOC enhances the conductance due to spin-flip AR, even for P = 1. Interestingly, at eV = ∆ the conductance is not affected by SOC for any Z. Focusing on G(0), Fig. 2 shows that in a metallic contact increasing SOC steadily reduces G(0), while for a moderate barrier G(0) is a nonmonotonic function of SOC, with a (P -dependent) maximum which turns out to be due to spin-flip AR.
The absence of spin-flip AR in metallic contacts can be explained analytically. For eV ≤ ∆ quasiparticle transmission is prohibited and subgap conductance G ∼ [39] [40] [41] can be distinguished from k-independent spin-flip scattering by magnetic moments: For Z = 0 SOC always reduces the conductance and the subgap conductance vanishes for P = 1. In contrast, k-independent spin-flip scattering [42] can increase the conductance while the subgap conductance is in general finite for P = 0. However, similar features as those of SOC can arise in exotic superconductors without bulk inversion symmetry [43] .
While the conductance changes are indicative of interfacial SOC, magnetic anisotropy of the conductance is a true fingerprint. As the main contribution comes from AR, we call this anisotropy effect magnetoanisotropic Andreev reflection. We consider two configurations: inplane, in which magnetization m changes azimuthally (Φ) in the interfacial plane, and out-of-plane, with polar (Θ) changes of m in a perpendicular plane (see Fig. 1 ). We define the in-plane MAAR as
and the out-of-plane MAAR as
The out-of-plane MAAR depends, in general on Φ, but we choose the yz (Φ = −90 • ) plane as its reference. The calculated MAAR, in Fig. 3 , shows a nonmonotonic dependence on SOC. For metallic contacts (Z = 0) MAAR is determined by the magnetoanisotropy of conventional AR. In the presence of a barrier (exemplified by Z = 1), MAAR gets strongly enhanced due to the additional contribution from spin-flip AR. In-plane MAAR exhibits C 2v symmetry due to the interplay of Rashba and Dresselhaus fields, similarly to TAMR [2, 6, 7] . If either of the two fields is absent, in-plane MAAR vanishes. In contrast, out-of-plane MAAR is finite even with the Rashba field alone, which makes it a robust probe of this important interfacial SOC. Interestingly, at eV = ∆ MAAR is always absent, as there are no effects of SOC on G here; see the discussion to Fig. 2 . Additional effects (such as appearance of symmetry lobes) can arise due to the effective mass and Fermi wave vector mismatch [38] .
Compared to TAMR, the magnitude of MAAR is giant, varying by orders of magnitude upon changing the spin polarization P . (The experimentally measured inplane TAMR in Fe/GaAs/Au junctions is less than a percent [6] .) A detailed model comparison is shown in Fig.  4 for both in-and out-of-plane configurations; TAMR is evaluated by setting ∆ = 0. For a typical P of 40%, the ratio MAAR/TAMR is about 10. Moving towards half metals (P 80%), this ratio climbs to more than 10 2 ! This giant increase is best illustrated in the half-metallic limit of P = 1. For a weak SOC (which is typically the case) an analytical treatment gives [38] , 
Therefore, the in-plane MAAR [110] 
, depending universally on the spin-orbit fields only, and diverging as λ α ≈ λ β (see the in-plane case in Fig. 4) . In contrast, TAMR, which is proportional to the product λ α λ β [7] , has no singular behavior, and is not a universal function of λ i only.
We can trace this giant enhancement of MAAR over TAMR to spin-flip Andreev reflection. Let us separate phenomenologically the conductance G = G (0) +G so into the sum of SOC independent and dependent parts. In TAMR typically G 1, even for P ≈ 1. But in F/S junctions G (0) decreases with increasing P , eventually vanishing in the half-metallic limit. For P ≈ 1 the conductance of the F/S junction is dominated by the spin-flip AR contribution to G so . Thus, SOC determines both the conductivity and the magnetoanisotropy. Furthermore, if λ α ≈ ±λ β , the spin-flip AR, and so the conductance, can be switched on and off by changing the orientation of m. For λ α = λ β and Φ = 0, m ⊥ w and spin-flip AR yields a finite G. However, if Φ = π/2, then m w and spin-flip processes are strongly suppressed; G(eV ≤ ∆) at Φ = π/2 vanishes. As a result, in-plane MAAR diverges if λ α = λ β . Similarly for out-of-plane MAAR.
There is one more peculiarity of MAAR in the halfmetallic limit. If only Rashba (or only Dresselhaus) SOC is present, MAAR has a fixed universal magnitude of 100%. This case is shown for the out-of-plane configuration in Fig. 4 (in particular the inset for λ i 1 shows MAAR of 100% for P ≈ 1). It follows from Eq. (9) that MAAR [110] (Θ) ≈ (1 − cos 2Θ)/(3 + cos 2Θ), which gives a universal amplitude of 100% for Θ = π/2. In other words, G(Θ = 0) = 2G(Θ = π/2). The origin of this universal behavior is traced to the spin-flip probability by scattering of spin-polarized electrons off spin-orbit fields. The conductance is determined by spin-flip AR. For outof-plane magnetization, Θ = 0, two fields, one along x and one along y, induce a spin flip. But for an in-plane magnetization, say along x, Θ = π/2, only the spin-orbit field component along y can flip the spin. This gives the 2:1 ratio in conductances and 100% of MAAR. A more technical and detailed discussion of the differences between MAAR and TAMR can be found in Ref. 38.
What about materials realizations? While s-wave superconductors, such as Al, Nb, or Ga would suffice, the key choice pertains to the F region and the interfacial SOC. In fact, even a weak bulk SOC could be strongly enhanced at the interface, while the strength of Rashba SOC can be gate-controlled [1, 2] . Highly spin-polarized ferromagnets, such as CrO 2 , CrAs, MnAs, or (Ga,Mn)As, studied in AR spectroscopy [1] [2] [3] , might be good candidates to observe the predicted effects including a giant and universal MAAR. Ideally, MAAR and TAMR would be measured on the same materials systems, by observing conductance magnetoanisotropies below and above the superconducting critical temperature.
To conclude, we have applied a well established theoretical formalism to systematically explore the magnetic anisotropy of the conductance in F/S junctions due to interfacial SOC. We predict a giant in-and out-of-plane MAAR-when compared with TAMR-exhibiting universal characteristics in the half-metallic regime. The predicted magnetization control of the Andreev reflection suggests a similar control of the superconducting proximity effect and Majorana states. Our findings reveal an unexplored venue for Andreev reflection spectroscopy, in the sensitive probing of interfacial SOC and related magnetoanisotropic phenomena.
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